Abstract: The characters of mature leaf epidermis of 58 species and 3 varieties belonging to 19 sections, representing all the 4 subgenera: Protocamellia, Camellia, Thea and Metacamellia were investigated under light microscope. The main conclusions are as follows: 1) The shape of the epidermal cells is elliptical, polygonal or irregular and the anticlinal walls are arched, straight or sinuolate, sinuous to sinuate. 2) The stomatal apparatus, consisting of a stoma (a pore plus a pair of guard cells) and 3-4 subsidiary cells, restricted to the abaxial surface of the leaves, were assigned to anisocytic, anisotricytic, isotricytic or tetracytic type. 3) Special structures in leaf epidermis, such as stomatal clusters, aborted stomata, secretory cells, cuticular intrusions and their taxonomic implications were also elucidated.
Introduction
Camellia, the largest genus in the family Theaceae, is distributed at the two sides of the Tropic of Cancer and it is famous for some important economic plants, such as C. sinensis, C. oleifera and C. japonica (Ao et al. 2002) . This genus of shrubs and small trees comprises about 280 species belonging to 20 sections. Of them, 238 species in 18 sections are distributed in China, which is considered to be the diversification center (Zhang & Ren 1998) .
Earlier taxonomic accounts of the genus have been evaluated and revised by several taxonomists employing mainly macromorphological characters (Sealy 1958; Zhang & Ren 1998; Ming 1999) . Nevertheless, a lot of discrepancies still exist among them, as far as taxonomic treatments are concerned.
Numerous leaf surface characters are under strong genetic control and therefore little affected by the environment (Haron & Moore 1996) . Although leaf surface features alone are not sufficient for the delimitation of various infrageneric groups, in general, it can be concluded that leaf micromorphological features do have considerable systematic value and give additional support for the distinctness of the species (Haron & Moore 1996) . Furthermore, leaf epidermal characters have been proved to be of great use in identifying the fossil remains of angiosperms (Stace 1984; Baranova 1992) .
So far, in Camellia, only foliar epidermis of C. sinensis (Solereder 1908) and C. japonica var. hozanensis (Keng 1962 ) has been examined with light microscope (LM). Thus, a systematic investigation towards leaf epidermis in Camellia is necessary in order to establish a better systematic construction in this genus.
In the present study, leaves of 61 taxa, belonging to 19 sections, representing all the 4 subgenera: Protocamellia, Camellia, Thea and Metacamellia were examined by means of LM. The delimitation of subgenus and section, as well as recognition of species within them by Zhang & Ren (1998) was adopted.
Material and methods
Mature leaves were obtained from specimens in the Herbarium of Zhongshan University (SYS) (see appendix for voucher details). A few species were sampled directly from living plants in the campus of Zhongshan University. For LM examination, pieces of mature leaves were boiled in water before being macerated in 10% NaClO or 2% Cr2O3. Pieces of foliar epidermis were stained with safranin-alcohol (50%), and then dehydrated in an alcohol series. After turning transparent in xylene, they were sealed in neutral balsam, examined and photographed under LM Olympus BH-2.
Results

Stomatal apparatus
The laminas of species investigated are all glabrous and hypostomatic. The stomata are dispersed randomly over the whole abaxial surface, appearing elliptical to circular in outline and in most cases, sunken below the epidermis with subsidiary cells covering guard cells partially or entirely (Fig. 19) . Four types of stomata are recognized based on the number and arrangement of subsidiary cells according to the definition of Prabhakar (2004) . 1) Anisocytic stomata: a stoma is completely surrounded by three subsidiaries, one of which is distinctly small. This type merely involved C. lienshanensis (Fig. 19) . 2) Anisotricytic stomata: a stoma completely is surrounded by three subsidiaries, one of which is distinctly large. Only two species viz. C. paucipunctata and C. lancilimba (Fig. 30) belonged to this type. 3) Isotricytic stomata: a stoma is completely surrounded by three subsidiaries, but they are more or less of equal size. This type of stomatal complex was most frequently encountered throughout the species, e.g., C. szechuanensis (Fig. 14) , C. anlungensis (Fig. 16 ). 4) Tetracytic stomata: stomata completely surrounded by four subsidiaries, of which two are polar and two lateral in position. This stomatotype included C. longicarpa, C. pachyandra ( Fig. 22 ) and C. assamica (Fig. 25) .
Shape of leaf epidermal cells and patterns of anticlinal walls
Three types of leaf epidermal cells were determined according to their shape: 1) elliptical cells, the anticlinal wall arched, e.g., C. paucipunctata; 2) polygonal cells, the anticlinal wall straight, e.g., C. trigonocarpa
Figs 9-16: Morphological characters of leaf epidermis in Camellia. 9-11: adaxial epidermis; 12-16: abaxial epidermis. Scale bar = 50µm. 9 -C. pinggaoensis; 10 -C. longissima; 11 -C. tsaii var synaptica; 12 -C. krempfii; 13 -C. luteoflora; 14 -C. szechuanensis; 15 -C. henryana; note a stomatal cluster (arrow); 16 -C. anlungensis. (Fig. 3) ; 3) irregular cells, the anticlinal cell wall sinuolate (e.g., C. longissima, Fig. 10 ), sinuous (e.g., C. tsaii var. synaptica, Fig. 28 ) or sinuate (e.g., C. lanosituba). Nonetheless we found it difficult to discriminate unambiguously polygonal cells from irregular ones, especially in the case of sinuolate anticlinal cell wall, e.g., in C. pachyandra (Fig. 22) . For a few species, adaxial epidermal cells were different from abaxial ones in shape. For example, to C. viridicalyx, the adaxial epidermal cell is polygonal with straight anticlinal wall, whereas the abaxial is irregular with sinuous anticlinal wall (Figs 2, 26) . For most species, they are similar, e.g., C. longissima (Figs 10, 27) and C. pachyandra (Figs 8, 22) . Listed in table 1 are the shape of cells, patterns of anticlinal walls, and types of stomatal apparatus of 61 examined species [arranged according to Zhang & Ren (1998) ].
Special structures in leaf epidermis
In C. henryana and C. tsingpienensis, stomatal apparatuses are often arranged adjacently with no common epidermal cell between them, forming a stomatal cluster (Figs 15, 29) (Tang et al. 2002) . In C. semiserrata, we found a special structure where one cell was surrounded by three cells notably different from the com-Figs 17-24. Morphological characters of abaxial epidermis in Camellia. Scale bar = 50µm. 17 -C. villicarpa; 18 -C. semiserrata, note an aborted stoma (arrow); 19 -C. lienshanensis; note the guard cells covered entirely with subsidiary cells (arrow) and an anisocytic stomatal apparatus (arrow head); 20 -C. sinensis var waldenae. Note an isotricytic stomatal apparatus (arrow); 21 -C. wardii; 22 -C. pachyandra, the arrow indicating a tetracytic stomatal complex, "s" a secretory cell; 23 -C. salicifolia; 24 -C. chrysanthoides. mon epidermal cells. It was in fact an aborted stoma (Fig. 18) . Secretory cells were occasionally seen in C. pachyandra (Fig. 22) . Rod-like cuticular intrusions between the ends of each guard cell of a pair appeared in C. viridicalyx (Fig. 26) , C. henryana (Fig. 15) , C. tsaii var synaptica (Fig. 28) , C. tuberculata, C. lucidissima, C. japonica, C. flava, C. lanceolata, C. lutchuensis, C. lawii, and others.
Discussion
The stomatotypes in Camellia Solereder (1908) was probably the first who investigated characters of leaf epidermis in Theaceae. Using light microscopy, he examined foliar epidermis of C. sinensis and found the stoma surrounded by several cells, none of which was distinguishable from ordinary epidermal cells. Obviously, this stomatal apparatus fell into anomocytic or Ranunculaceous type. Keng (1962) discovered that the stoma was encompassed with three subsidiary cells in C. japonica var. hozanensis. He later defined this stomatal apparatus as Gordoniaceous type, and referred to it as a transition from anomocytic to Keng's (1962) statement and claimed that "anisocytic" was preferable for such a stomatotype.
The viewpoint of Yang et al. (2003) is valuable yet not acceptable in this paper. Virtually, only C. lienshanensis fell into anisocytic sensu stricto. Hereby we followed the classification of Prabhakar (2004) on stomatotypes to classify those in Camellia. Isotricytic was predominant over the other three stomatal types. Both C. sinensis and its variety waldenae presented isotricytic rather than anomocytic stomatotype (Fig. 20 , the isotricytic stomatal complex is indicated by arrow). Clearly, Solereder's (1908) statement was not confirmed in the present study.
On stomatal clusters A stomatal cluster is a group of two or more stomata sharing one stomatal chamber, where the individual stomata within the cluster are separated from each other only by subsidiary cells (Tang et al. 2002) . Stomatal clusters have been observed in 38 genera of 19 vascular plant families (Tang et al. 2002) . Stomatal clusters observed in the epidermis of quite a few species, e.g., C. The aborted stomata and their systematic significances Tang et al. (2002) described the development of stomatal apparatus in the epidermis of Begonia peltatifolia. In our opinion, when the guard mother cell fails to divide into two guard cells, it survives in the leaf epidermis, and the subsidiary cells around it develop normally. Thus an aborted stoma comes into being. The closely related C. albogigas and C. granthamiana exhibited no difference but their degree of incorporation of styles differed. For C. granthamiana, the five styles incorporate nearly 2/3 in length, while in C. albogigas, they incorporate never over a half, sometimes divergent. Zhang & Ren (1998) considered C. albogigas to be a distinctive species, but Ming (1999) regarded it as a synonym of C. granthamiana. The aborted stomata occurring in the samples of C. albogigas (Fig. 31 ), yet not in C. granthamiana (Fig. 32 ) supported, to some extent, the treatment by Zhang & Ren (1998) .
The taxonomy of C. pachyandra C. pachyandra is the unique species to possess secretory cells in leaf epidermis. Combined with the peculiar tetracytic stomatal apparatus, this exclusive character will probably raise its taxonomic rank from species to section after more evidence is accumulated in the future.
